Objectives: This study explores the activation of the critical lure (CL) and its production in Deese-Roediger-McDermott (DRM) tasks in Alzheimer's disease and aging. In a previous lexical decision task including DRM lists, we showed that the activation of the CL occurs normally in Alzheimer's patients. Here, we reproduce this study and add a production (DRM) task in order to compare both processes in the same groups of participants. Method: Eighteen older adults and 20 Alzheimer's patients performed a conventional DRM task, followed by a lexical decision task with DRM lists intermixed with neutral words and nonwords. Results: Analyses indicated that Alzheimer's patients produced significantly fewer CLs than older participants in the DRM task, but that they showed, like older adults, shorter lexical decision latencies for CLs than for other types of words. Discussion: This study provides evidence that the low production of CLs regularly documented in Alzheimer's patients in the DRM paradigm is not necessarily explained by their nonactivation. The results are discussed in the light of the hypothesis of a rapid disappearance of the episodic mnemonic trace of the CLs in Alzheimer's patients.
The Deese-Roediger-McDermott (DRM) paradigm (Deese, 1959; Roediger & McDermott, 1995) has become an essential procedure to study false memories, that is, events that never occurred or that are distorted compared with what was actually experienced (see Roediger & McDermott, 1995) . This memory task consists of a study phase during which participants are presented with lists of words all semantically related (e.g., bed, awake, tired, dream, etc.) and strongly associated with a critical lure (CL) that is never presented (e.g., sleep), followed by a free recall and/ or recognition task.
Although healthy older participants often wrongly recall and recognize the CL (e.g., Balota et al., 1999; Schacter, Koutstaal, & Norman, 1997) in a DRM task, several studies have shown that Alzheimer's patients, in contrast, produce fewer CLs compared with healthy older adults (Balota et al., 1999; Budson et al., 2002; Gallo et al., 2006; Waldie & Kwong See, 2003) . The production of false memories is often explained by reference to the activationmonitoring theory (see Roediger, Watson, McDermott, & Gallo, 2001 ) postulating the intervention of two distinct processes: an activation process and a source-monitoring process. In a DRM task, during the presentation of words converging toward the CL, the CL is regularly activated via an automatic spread of activation within the semantic network. The sum of this activation increases the feeling of familiarity for this item, while reducing the ability to control precisely the source of its activation (source-monitoring process). The production of the CL may thus result from its erroneous attribution to an external source. In normal aging, the increase of false memories is often explained by a source-monitoring failure (Schacter et al., 1997) .
This activation-monitoring theory can be used as a framework to explain the low production of CLs in Alzheimer's patients in the DRM task. Several studies have reported a failure of the source-monitoring process in Alzheimer's patients (El Haj, Fasotti, & Allain, 2012; Fairfield & Mammarella, 2009; Rosa, Deason, Budson, & Gutchess, 2016) ; it thus seems implausible to attribute their lower production of CLs, compared with healthy older adults, to a more efficient source monitoring.
Consequently, explanatory theories have focused rather on the spread of activation or on the storage processes of the mnemonic trace of the CLs. A first hypothesis suggested that in Alzheimer's patients, the activation of target items during the presentation of the DRM lists does not spread toward the CL, due either to a disturbance of the semantic network or to an attentional overload (Budson, Daffner, Desikan, & Schacter, 2000; Gallo et al., 2006) . Not having been activated during presentation of the lists, the CLs could not later be recalled. Alternatively, some researchers proposed that the activation of the CL is preserved in Alzheimer's patients, but that its mnemonic trace does not persist long enough in the memory to enable its later production due to an episodic memory decline .
Although often discussed in the literature, the issue of the activation of CLs in Alzheimer's patients has rarely been specifically examined. However, several studies have investigated directly the activation of CLs in healthy young and older adults using lexical decision tasks (e.g., Meade, Watson, Balota, & Roediger, 2007; Tse & Neely, 2005 ). This kind of task, contrary to the DRM task, provides a relatively pure measure of CL activation (Tse & Neely, 2005) in semantic memory without any contamination of episodic memory processes, early and severely impaired in Alzheimer's disease (Boraxbekk et al., 2015) . In this task, the presentation of words converging toward the CL should lead to its preactivation and consequently to its faster processing in comparison with other words or nonwords. In a previous study with healthy older adults and Alzheimer's patients, we used such a lexical decision task composed of short DRM lists intermixed with neutral words and nonwords and showed that the activation of the CL was preserved in Alzheimer's patients as well as in older adults, with participants showing shorter lexical decision latencies for CLs than for other types of words. The suggested interpretation for the lower production of false memories in DRM tasks in Alzheimer's patients was thus the rapid degradation of the episodic trace of the CLs. However, this study only tested the activation of CLs in a DRM-like task and did not investigate their further production in a classic DRM task in the same patients.
The objective of the present study was thus to compare the activation and the production of CLs in Alzheimer's patients. Consequently, healthy older adults and Alzheimer's patients performed a classic DRM task followed by a lexical decision task in which they had to categorize strings of letters as words or nonwords. In line with our previous study, we suggest that the activation of the CL is preserved in Alzheimer's patients and, in support of the hypothesis of an abnormally rapid disappearance of the mnemonic trace, we assume a lower production of CLs in Alzheimer's patients in the DRM task. Consequently, we expected Alzheimer's patients as well as older adults to show faster lexical decisions for CLs than for neutral and target words in the lexical decision task, but we expected Alzheimer's patients to produce fewer CLs than older adults in the DRM task.
Method

Participants
Twenty patients (70-91 years, M = 80.65, SD = 6.32, 65% female) with a clinical diagnosis of probable Alzheimer's disease performed by a neurologist after a complete examination (biological, neurological, and neuropsychological) based on consensus criteria (McKhann et al., 2011) and 18 older adults (69-92 years, M = 83.78, SD = 6.19, 89% female) were recruited for the experiment. Patients with Alzheimer's disease were recruited partly from the clinical population at the Memory Center of Nantes and homes with specialized units for Alzheimer's patients in the Nantes area. Older adults were recruited in several homes and senior centers in the Nantes area. Participants were all native French speakers; they received no compensation for their participation.
Older adults were excluded if they scored lower than 26 (M = 27.44, SD = 1.62) on the French version of the Mini-Mental State Examination (MMSE; Derouesné et al., 1999) . Patients showed mild to moderate impairment on the MMSE (16-24, M = 19.40, SD = 2.66). Patients and older adults were matched on mean age, t(36) = 1.53, p = .13, Cohen's d = 0.50 and on education (M patients = 9.75, SD patients = 2.47; M older = 9.11, SD older = 2.52), t(36) = 0.79, p = .44, d = 0.25.
Material
DRM task
Five DRM lists drawn from Corson and Verrier (2007) were used in this task. Each list comprised 15 semantic associates to a related but nonpresented CL (canard/duck, église/church, chaussure/shoe, laine/wool, and porte/door). The items in each DRM list were presented orally to participants in a descending order of associative strength.
Lexical decision task
The lexical decision task consisted of 6 lists of 24 items (see Supplementary Appendix) including 1 practice list (144 words in total). Each list consisted of 5 target items corresponding to the 5 first words of the 5 DRM lists selected for the DRM task, 1 related CL, 6 neutral items, and 12 pronounceable nonwords. The CLs used in this task were the same as those used in the DRM task. The target items were presented in blocks, always in the same order, and just before the CL. The nonwords followed the spelling rules of the French language but had no meaning. They were matched for length to the CL and neutral items of their list. Neutral words were French words semantically unrelated to both the target items and the CL of their lists. They were matched for length and word frequency (LEXIQUE; New, Pallier, Brysbaert, & Ferrand, 2004) with the CL of each list (see for details). Word presentation order varied from one list to another to enable the CL to be presented at different positions in the list.
Procedure
Participants were tested individually in a single session that lasted approximately 45 min. After obtaining their informed consent, participants first performed the DRM task in order to avoid any contamination of the results by words used in the lexical decision task. The lists were presented orally by the experimenter, one at a time, at a rate of one word every second. After each list presentation, participants were given 2 min to recall orally as many words as they could remember without guessing. Following the DRM task and before performing the lexical decision task, a short break including a brief distractor interview with the participant was conducted. In the lexical decision task, stimuli were displayed on a Macbook computer using Psyscope software (Cohen, MacWhinney, Flatt, & Provost, 1993) to control their presentation and record response latencies. Five lists of 24 items (preceded by 1 practice list) were presented in the same fixed order for all the participants. They were asked to perform a lexical decision task on each letter string appearing on the screen. Each letter string was preceded by a fixation cross for 500 ms and was displayed in the center of the screen until the participant responded. The intertrial interval was 500 ms. Participants were instructed to respond as quickly and as accurately as possible by pressing the green key ("N") on the numerical panel if the stimulus was a word and the red key ("W") if it was a nonword. A short rest period (≈1 min) was provided between each list, if needed. At the end of the session, participants were fully debriefed and thanked for their participation.
Results
The results are arranged in two sections: first, we investigated the production of the CL in the DRM task and second, we examined the preservation of the activation of the CL in the lexical decision task.
DRM task
Separate analyses of variance (ANOVAs) with Group (older adults, patients) were conducted on the mean proportion of correct recalls, that is, recall of studied items, and the mean proportion of CLs recalled. The analyses revealed that older adults recalled significantly more studied items than patients (M patients = 0.27, SD patients = 0.09; M older = 0.39, SD older = 0.09), F(1, 36) = 15.11, p < .001, η p 2 = .29, but that older adults produced significantly more CLs than patients (M patients = 0.34, SD patients = 0.25; M older = 0.77, SD older = 0.21), F(1, 36) = 31.88, p < .001, η p 2 = .47 (see Figure 1) .
Lexical decision task
The analyses were conducted on response times corresponding to correct answers; data from incorrect lexical decisions were first removed. Then, reaction times (RTs) faster than 100 ms and slower than 10 s were deleted. Mean RTs for each participant across all types of words were calculated and mean RTs higher or lower than ±3 SD were excluded resulting in the loss of 2.35% of the whole data. Errors represent 1.14% of the whole data and are divided as follow: 0.46% in Alzheimer's patients of which 0.37% on the nonwords, 0.06% on the neutral words, and 0.02% on the targets; 0.68% in older adults of which 0.63% on the nonwords and 0.04% on the targets. Given the low percentage of errors and that no errors were made on the CL, no statistical analysis was performed. The ANOVA with Group (patients, older adults) as the between-subject factor and Word type (neutral, target, nonword, CL) as a repeated measure factor conducted on RTs yielded a significant main effect of Word type, F(3, 108) = 40.48, p < .001, η p 2 = .53 as well as a significant Group × Word type interaction, F(3, 108) = 3.61, p = .016, η p 2 = .09 (see Figure 2 ). Planned comparisons indicated that older adults and patients showed shorter RTs for CLs than for target words, F(1, 36) = 7.29, p = .011, d = 0.93, and F(1, 36) = 47.28, p < .001, d = 0.43, respectively. In addition, both older adults and patients made faster lexical decisions for CLs than for neutral words, F(1, 36) = 5.40, p < .026, d = −0.69, and F(1, 36) = 47.18, p < .001, d = 1.27, respectively. Tukey's HSD post hoc tests indicated that RTs for nonwords were longer than those for neutral ones in older adults (p = .030) but not in patients (p = .130) and that RTs for nonwords were longer than those for CLs (all ps < .001), and target words (older: p = .002, patients: p < .001). The main effect of Group was not significant, F(1, 36) = 3.39, p = .074, η p 2 = .08, indicating that Alzheimer's patients responded as fast as older adults.
Discussion
The aim of the present study was to examine the activation of the CL and its production in a DRM context in Alzheimer's patients. As expected, our results showed that Alzheimer's patients produced significantly fewer CLs than older adults in the DRM task. These results are consistent with the literature (Budson et al., 2002; Gallo et al., 2006; Waldie & Kwong See, 2003) . This lower production of CLs in Alzheimer's disease is generally interpreted as reflecting an impaired activation of CLs in patients and/or difficulty in accessing the general theme of the DRM lists. However, our results also indicated that Alzheimer's patients, as well as healthy older adults, activated the CLs normally in the lexical decision task supporting the activation-monitoring theory (Roediger et al., 2001) according to which activation spreads from words of DRM lists to their CLs during the presentation of the lists. Even if it cannot be asserted that the semantic network of our Alzheimer's patients is integrally preserved, our results suggest a preservation of the activation process in these patients as well as in healthy older adults. These findings also confirm those from our previous study suggesting a certain robustness of the phenomenon. Taken together, these results argue against the hypothesis of a nonactivation of CLs due to difficulties in identifying the associative links between items in the DRM paradigm (Gallo et al., 2006) . They rather concur with the hypothesis of activation and a rapid disappearance of the mnemonic trace of the CL, as well as that of other items, in Alzheimer's patients due to episodic memory impairments . In fact, despite an equivalent activation of CLs between Alzheimer's patients and older adults in the lexical decision task, Alzheimer's patients produced significantly fewer CLs than older adults in the DRM task. This result cannot be interpreted in terms of better monitoring processes in Alzheimer's patients than in older adults (e.g., Fairfield & Mammarella, 2009; Rosa et al., 2016) but rather suggests that the mnemonic trace of the CL, normally preactivated during the presentation of the DRM lists, disappears rapidly making it impossible for the patients to recall the CL in the free recall test.
However, several elements deserve to be questioned. First, the DRM task and the lexical decision task do not involve the same cognitive load and it is possible that in the DRM paradigm, cognitive control disorders disrupt the activation of CLs during the presentation of entire lists (e.g., Perry, Watson, & Hodges, 2000) . Therefore, the activation of a CL in the lexical decision task does not guarantee its activation in a conventional DRM task. Second, in the present study, evidence of the activation of CLs was obtained from the presentation of the five strongest associates of CLs. Would the same pattern of results be found if the weakest associates, more distant in the network from the CL, were presented? This issue of the associative strength of items appears crucial: In a conventional DRM task, items are presented to participants in a descending order of associative strength, that is, those most strongly associated with the CL are presented first (Roediger & McDermott, 1995) . On a list of 15 words, if Alzheimer's patients fail to maintain the mnemonic trace of the CL activated by the first items (the strongest associates) and activation of the last items (the weakest associates) does not spread to the CL, its probability of being recalled is low. In another study (Evrard, Gilet, Colombel, Dufermont, & Corson, 2015) , we showed that the order of presentation of words influenced the production of CLs in Alzheimer's patients, with a higher production when words were presented in an ascending order of associative strength. This result can be explained by a reduction in the primacy effect associated with a preservation of the recency effect in Alzheimer's disease. Consequently, in a DRM paradigm, the items retained better by patients are those most weakly associated with CLs. In healthy participants, the associative network is probably sufficiently expanded to allow the spread of activation from these weak associates to the CL but nothing indicates that this is also the case in Alzheimer's patients. Therefore, more studies are needed to explore these issues in order to understand better what is really at stake in Alzheimer's patients in a DRM situation.
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